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Abstract 
We have deposited La0.67Sr0.33MnO3 (LSMO) thin film on Si substrate and studied the magnetotransport properties of it. The 
magnetoresistance (MR) of LSMO thin film shows a large MR for current parallel to applied magnetic field compared to current 
perpendicular to field, which agrees well with the large magnetization observed when the magnetic field applied parallel to plane 
of the film. The angular dependence of magnetoresistance deviating from the sinusoidal behaviour indicates the role played by 
grain boundary. From the anisotropic magnetotransport and magnetic measurements, it is evident that our LSMO thin film exhibits 
the in-plane anisotropy. 
© 2014 The Authors. Published by Elsevier B.V. 
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1. Introduction 
The colossal magnetoresistance (CMR) materials are extensively studied for the rich underlying physics in it [1]. 
La1-xSrxMnO3 is one of the CMR oxide materials possessing exciting interplay of spin, lattice and charge degrees of 
freedom [2]. This material exhibits the ferromagnetic metallic behaviour for Sr concentration, x from 0.2 to 0.6, above 
the room temperature [3]. The ferromagnetic metallic nature can be explained by the double exchange theory, where 
the exchange of eg electrons between the Mn3+ and Mn4+ ions results in enhanced conductivity [4]. La0.67Sr0.33MnO3 
has a large spin polarization of ~ 100 % [Hwang et al. 1996]. Besides, it is extensively studied, on account of its high 
ferromagnetic TC, large CMR values and spin-dependent tunneling properties, which make them attractive candidate 
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for high performance magnetic devices [5]. However, the magnetoresistance and other properties of LSMO thin films 
depend on annealing temperature [6], thickness and substrates [7]. Hence, the LSMO thin films have been studied 
continually to understand the electrical and magnetic properties of it. 
In this study, we have prepared the LSMO thin film using the cost effective chemical solution deposition (CSD) 
and studied the anisotropic electrical and magnetic properties. CSD method is one of the versatile techniques for 
synthesizing thin films, in which the stoichiometry can be accurately predetermined and controlled. For CSD, we do 
not need the large spacious equipments like pulsed laser deposition (PLD), molecular beam epitaxy or chemical vapour 
deposition (CVD).
2. Experimental 
The La0.67Sr0.33MnO3 thin film was deposited on Si (100) substrate by a chemical solution deposition, using the 
precursor solution containing La acetate hydrate [La(CH3COO)3 0.xH2O], Sr acetate [(CH3COO)2Sr], and Mn acetate 
tetra hydrate [Mn(CH3COO)2 4H2O] [8]. Acetic acid and millipore water were used as the solvents. The concentration 
of solution was diluted to 0.15 M. The solution was then spin-coated onto Si (100) substrate at a speed of about 2000 
rpm for 0.5 min. The coatings were dried at 200 °C and pyrolyzed at 350 °C for 10 min. The precursor film of 20 
coatings was finally crystallized at 800 °C in presence of O2 atmosphere for 1 hr. The annealed film was characterized 
using x-ray diffraction and scanning electron microscope measurements. The temperature dependence of DC electrical 
resistance was measured in four probe configuration, with magnetic field (H = 1 kG) applied parallel and perpendicular 
to current.  
3. Results and discussions  
The chemical solution deposited film is found to be single phase and polycrystalline in nature and the grain 
connectivity is good [8]. Figure 1(a) shows the temperature dependence of DC electrical resistance (R-T) of our 
La0.67Sr0.33MnO3 thin film with and without applied magnetic field. The R-T data shows a peak at TMI ~ 222 K, which 
corresponds to the metal to insulator transition of La0.67Sr0.33MnO3 thin film. The resistance (Rŏ) decreases when the 
field is applied perpendicular to current direction and TMI remains at 222 K. When the field is applied parallel to the 
current direction, the decrease in resistance (R||) is more and TMI is 227 K. Notably, we have observed R|| < Rŏ, which 
indicates the anisotropic magnetoresistance. The upturn in resistance seen below 50 K could arise from the grain 
boundaries [9].   
 
 
Fig. 1. (a) Temperature dependence of resistance with and without applied magnetic field; (b) Magnetoresistance and anisotropic- 
magnetoresistance versus temperature with applied magnetic field (H=1 kG). 
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Fig. 2. Angular dependence of magnetoresistance for different temperatures with H = 1 kG. 
We have the calculated the magnetoresistance, MR (%) = (RH-R0)/R0×100 and anisotropic magnetoresistance AMR 
(%) = (R||-Rŏ)/R0×100 for our LSMO film using the R-T data measured with the field parallel (R||) and perpendicular 
(Rŏ) to current direction. In figure 1(b), the temperature dependence of MR and AMR of our LSMO film indicates 
large values at low temperatures. When temperature increases, both MR and AMR decrease almost linearly. While 
AMR is gradually saturating near the magnetic transition temperature around 300 K, MR shows a broad peak. The 
higher values of MR and AMR of our polycrystalline LSMO film could be due to the possible spin polarized transport 
across the polycrystalline grain boundaries for the application of low magnetic field [10]. Our polycrystalline film has 
a large number of grains and grain boundaries. When the applied magnetic field, H=0, the magnetization of each grain 
is oriented in its own direction. The local field induced by the aligned grains partially reduces H at the sidewalls 
between one grain and the neighboring one, but enhances H between the north pole of one grain and the south pole of 
the other grain. When ș=0°, the electrons tunnel, parallel to field direction, easily across the sidewalls due to the 
enhanced local field, and when ș=90°, the electrons tunnel, perpendicular to the field, across sidewalls with difficulty. 
Hence, the MR is high for field applied parallel to the current direction compared to field perpendicular to the current.  
In order to see the resistance change with angle between current and applied magnetic field directions, we have 
measured the angular dependence of resistance. Figure 2 shows the normalized resistance, R(ș)/R(0) versus angle, ș 
between the current and applied magnetic field directions of our La0.67Sr0.33MnO3 thin film. The resistance shows 
oscillations with 180° periodicity; the minima observed at 0°, 180°and 360° and maxima at 90° and 270° for all 
measured temperatures from 20 to 300 K. This indicates that our LSMO film has the magnetocrystalline anisotropy 
[10]. The R(θ)/R(0) curves are sinusoidal, wherein the resistance change at Rmax is sharp and at Rmin, it is blunt. The 
change of angular dependence of resistance is seen up to 300 K. At 330 K, the resistance does not change with angle, 
which indicates the ferromagnetic to paramagnetic transition of LSMO film. The saturation magnetic field of the 
La0.7Sr0.3MnO3 film is more than 1 kG [11]. When applied the magnetic field which is less than the saturation magnetic 
field, the resultant magnetic moment direction may not coincide with the applied magnetic field direction. Hence the 
observed the angular dependence of magnetoresistance of our film is not following the Sin2θ behaviour. Notably, the 
similar behaviors were observed in La0.67Sr0.33MnO3 thin film is deposited by PLD [12], La2/3Ca1/3MnO3 with 
application of 1 kG field [13] and in bilayered manganite, La1.3Sr1.7Mn2O7 at low temperatures [14]. The observed 
AMR behaviour in our polycrystalline LSMO film could be explained by the anisotropic spin-polarized transport 
across the grain boundaries and applied low magnetic field [10, 15].  
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4. Conclusion 
We have successfully prepared La0.67Sr0.33MnO3 thin film using chemical solution deposition. The 
magnetoresistance is found to be high for the magnetic field parallel to the current direction compared to the magnetic 
field applied perpendicular to the current. The anisotropic magnetoresistance measurements of La0.67Sr0.33MnO3 thin 
film show the role played by the grain boundaries. 
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